Solitary pulmonary nodule (SPN) is a relatively well-defined round or oval pulmonary parenchymal lesion, surrounded by pulmonary parenchyma and/or visceral pleura, and it is not associated with lymphadenopathy, atelectasis, or pneumonia, measured equal or smaller than 30 mm [1] . SPNs are detected by pulmonary plain graphy with an incidence of 0.2%. With the increasing use of computerized tomography (CT), the rate of SPN presence increases [2] .
MATERIALS AND METHODS
Approval for the study was granted by the institutional ethics review board (Ankara Training and Research Hospital, decision number: 5348). Written informed consents were taken from the participants. The study was performed between March 2016 and September 2017.
Fifty-three patients having an SPN detected with CT were included in this prospective study. We excluded the patients with nodules less than 1 cm or more than 3 cm in diameter; the ones with calcified nodules or ground glass nodules; and the ones without pathologic diagnosis.
The MRI examinations were performed with 1.5 Tesla MRI systems (Magnetom Aera, Siemens Healthcare GmbH, Erlangen, Germany). We used DWI, axial T1-weighted images (T1WI), coronal T2-weighted images (T2WI), and the ADC maps (axial T1WI vibe: TR/TE: 4.4 msn/ 2,1 msn, thickness 3 mm, FOV 276×340 mm, matrix 196×320, bandwidth 400 Hz/pixel, NEX: 1, distance factor 20%, scan time 20 s; coronal T2WI HASTE P2 mbh: TR/TE: 1200 msn/ 91 ms, thickness 3 mm, FOV 400×400, matrix 256×256, bandwidth 700Hz/pixel, NEX: 1, distance factor 20%, scan time 38 s; DWI: TR/TE: 5500 ms/90 ms, thickness 6 mm, FOV 285×380, matrix 116×192, bandwidth 1735 Hz/pixel, NEX: 4, distance factor 20%, scan time 3 m, 2 s, b values 0, 500, 1000 mm 2 /s).
We used TIWI for image detection of the localization and for measurement of dimensions. On coronal T2WI, we placed a region of interest (ROI) on both the lesion and neighboring muscles (on a muscle part without containing fat signal), and then we calculated the lesion muscle intensity ratio (LMR). On DWI, we placed an ROI on both the lesion and spinal cord. Lesion spinal cord intensity ratio (LSR) was calculated for all b values (LSR 0 , LSR 500 , LSR 1000 ). The ADC values for all lesions were also recorded (Figure 1-3 ).
Some patients (22 patients) had positron emission tomography-computed tomography (PET-CT) results. However, we could not acquire the PET-CT results of the other patients. Hence, we could not involve the PET-CT results into the statistical evaluation.
Histopathological diagnosis was noted.
Statistical Analysis
Statistical analyses were performed using Statistical Package for the Social Sciences Statistics software (Version 21.0; SPSS IBM Corp.; Armonk, NY, USA). Continuous parameters were stated as mean ± standard deviation, and skewed continuous parameters were evaluated with the Mann-Whitney U test. Categorical data were stated as frequencies (n) and percentages (%), and they were compared using the Fisher exact or chi-square tests where appropriate. Student's t test and MannWhitney U test were used to analyze numerical variables in two groups. The power and success of diagnostic tests were defined by using the ROC curve analysis, and expressed with positive/negative predictive value, sensitivity, and specificity. Prediction values were calculated with Youden index.
A two-tailed value of p<0.05 was considered statistically significant.
RESULTS

Population
The study population consisted of 53 patients (17 Patients in the malignant subgroup had mostly the diagnosis of adenocarcinoma (44%). Metastasis (25%), squamous cell carcinoma (22.2%), and small cell carcinoma (8.3%) diagnosis were also present.
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DISCUSSION
The incidence of cancer for SPNs varies between 5% and 70% in literature [9] . Because of the relatively small diameters, cancers presenting as SPN can be treated. Therefore, early diagnosis and differentiation of benign and malignant SPNs is an important point.
The risk factors for a malignant SPN are age, sex, nodule diameters, smoking, localization, and history of cancer [10] [11] [12] . According to our data, malignant SPNs are seen mostly in aged patients. This observation is consistent with the literature. Different from the literature [13] , we could not find any relationship between sex and the risk for malignancy. However, our female population is less than the male population. Different results can be obtained with a larger female population.
In a study from Turkey [14] , tuberculosis has been found to be the most frequent cause for a benign SPN. However, according to our study, fibrotic nodules have been found to be the most frequent cause.
There are multiple studies in the literature emphasizing the positive correlation between the SPN diameter and malignancy risk [15] [16] [17] [18] . Our results are consistent with those of the literature, stating the increased risk of malignancy for SPNs with increasing diameter. We showed that an SPN larger than 22 mm could be malignant with a sensitivity of 72.2% and specificity of 70.6%.
The apparent diffusion coefficient values provide quantitative information for malignant and benign SPN differentiation. Liu et al. [19] stated that the ADC values are significantly lesser in malignant lesions, whereas Mori et al. [20] said that there is no significant difference in the ADC values. The results of our study support those of Liu et al. We showed that the ADC values are significantly low in the malignant SPN subgroup. In Mori's study, benign SPNs consisted of mainly active or chronic inflammatory lesions; these are mainly highly cellular lesions. Therefore, the ADC values might be decreased in the benign SPN group.
Bernardin et al. [21] stated that sensitivity of the ADC values is insufficient in characterization of lesions fewer than 2 cm in diameter. Differently, according to our results, the ADC, LSR 500 , and LSR 1000 values can be useful in predicting malignancy both for the lesions lesser or more than 2 cm in diameter. Bernardin's study examines not only SPNs, but also larger lung masses, and there is limited number of cases. These can be the causes of the mentioned difference.
Some studies stated that visual evaluation of diffusion characteristics is equally successful with the LSR assessment [22] [23] [24] . However, we believe that using ratios decreases the differences causing from the usage of different MRI devices. Consequently, we preferred using LSR instead of only visual assessment.
Koyama et al. [25] 500 and LSR 1000 values are more sensitive than ADC in predicting malignancy. In the above mentioned study, the researchers said that different b values do not change the diagnostic power of the LSR values [25] . Consistent with the literature, the LSR 500 and LSR 1000 values have similar diagnostic performances. In the literature, it is generally advised to use higher b values for the SPN characterization, especially more than 600 s/mm 2 [23, 26] . Our results are consistent with those of the literature; the LSR 500 and LSR 1000 values are more successful than the LSR 0 values.
In the literature, we cannot find any study examining the relationship between LSR and lesion diameter. We showed a positive correlation between the LSR values and nodule diameter in the malignant SPN subgroup. We believe that the finding indicates that as larger the lesion gets, cellular volume and diffusion restriction increases. However, we do not have so many necrotic tumors; the results might change with the degree of necrosis presence.
In the literature, the T2 signal characteristics of SPNs are usually assessed visually [22] . Instead of this, we used the LMR values. We cannot find any study examining the LMR values. However, we could find any significant correlation between the LMR values and SPN histopathology. Further prospective studies using the LMR parameter might discover any potential relationships.
The study has some limitations. Only little amount of benign lesions are directed to biopsy, only the ones with suspicious imaging characteristics are examined histopathologically. Therefore, the malignant SPNs constitute the majority of the population. Calcified nodules are excluded from the study. Therefore, the study cannot provide information about calcified nodules. As stated in the literature, granulomas might show restricted diffusion because of high cellularity [23, 25] . Our population contains only one granuloma case, so the study cannot give sufficient information about granuloma DWI characteristics. PET-CT provides valuable information about benign/malign nature of the SPNs. A malignant SPN greater than 8 mm in diameter is expected to uptake fluorodeoxyglucose (FDG) on PET-CT [27] . Unfortunately, we cannot acquire PET-CT results of all patients, so our result cannot give information about PET-CT correlations.
To conclude, ADC, LSR 500 , and LSR 1000 values can be handy parameters for differentiation of benign-malignant SPNs. Using these MRI parameters might decrease unnecessary biopsy rates and complications of biopsies. The MRI results can also be useful in following the patients without sufficient PET-CT results. Also, they can be used for the follow-up of SPNs, instead of thorax CT, especially in patients who are more sensitive to ionizing radiation.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Ankara Training and Research Hospital (deci sion number: 5348).
